FOLLOWING the recent advances in cardiovascular surgery, the quantitation of abnormal hemodynamics has assumed paramount importance to clinicians and surgeons alike, and has been a constant challenge to research workers. The quantitative estimation of the severity of aortic insufficiency, for example, is still an unsolved problem. The different dye-indicator studies '-" Aided by a grant from the Chicago Heart Association.
FOLLOWING the recent advances in cardiovascular surgery, the quantitation of abnormal hemodynamics has assumed paramount importance to clinicians and surgeons alike, and has been a constant challenge to research workers. The quantitative estimation of the severity of aortic insufficiency, for example, is still an unsolved problem. The different dye-indicator studies'-" and the technic of venous occlusion plethysmography introduced by Mackay7 are examples of efforts to solve this problem.
We wish to describe a technic of retrograde aortography done on five patients with aortie insufficiency and on five patients without this valvular defect. The aortograms demonstrate the movements of the opacified column of blood in the aorta, forward with ventricular systole and backward with diastole. While this phenomenon is a well-known hemodynamic assumption, it has not been demonstrated previously by contrast radiography. This paper deals with a description of the aortograms and their hemodynamic significance and with a presentation of a method for the estimation of the volume of regurgitant flow.
Materials and Methods
Ten patients were studied in this series; seven male and three female, and their ages ranged between 3 months and 19 years. Five had clinical findings of aortic insufficiency consisting of a wide pulse pressure, a hyperdynamic apical impulse, an accentuated aortic closure sound, and an early decrescendo blowing diastolic murmur over the aortic and left lower parasternal areas. The chest roentgenograms and electrocardiograms demonstrated left ventricular hypertrophy. The brachial Aided by a grant from the Chicago Heart Association.
arterial pulse tracings also showed the usual findings of aortic insufficiency. Two cases had associated mitral regurgitation, whereas the rest had isolated aortic insufficiency. The etiology of the valvular lesions was rheumatic fever. None of the patients was in congestive heart failure.
Retrograde aortography was performed on each of the 10 patients. In the five patients without clinical and laboratory evidence of aortic insufficiency it was performed to investigate some other extracardiac disorder. The method consisted of inserting a Lehman catheter of the widest diameter possible through an arteriotomy in the left brachial artery. The catheter was advanced under fluoroscopic guidance until its tip was in the descending aorta at least two inches below the arch. Ninety per cent aqueous solution of Hypaque sodium was injected rapidly in a dose of 0.7 to 1.0 ml. per Kg. of body weight. At the end of the procedure, the arteriotomy was repaired.
The angiocardiograms were obtained by means of an Elema angiocardiographic apparatus with an exposure time of 1/30 or 1/60 second, 8 radiograms per second being taken simultaneously in two planes. These were analyzed in detail, with special attention to the changing position of the opacified column of blood and to the diameter of the aorta during the various phases of the cardiac cycle. The stroke volume and the amount of aortic regurgitation were also calculated. In order to derive the actual size of the aorta from its apparent size in the aortogram, a standard correction curve for the magnification in the angiocardiogram was prepared from a plot of the per cent magnification of metallic rings of varying sizes at varying distances from the film and with a constant tube-tofilm distance of 36 inches ( fig. 1 ). These observations were made in both planes of the Elema angiocardiographic apparatus. Of the many factors producing image amplification, the object-to-film distance is practically the only one that needed correction in our study, since the angiocardiographic apparatus used had a fixed focal aperture, a fixed focal-film distance of 36 inches, and a fixed position and angulation of the tube in reference to the film.
The angiocardiograms were performed with the patient in the recumbent position. In every case, just prior to the injection of the contrast sub- stance, the anteroposterior and transverse diameters of the chest and the distance of the midsternum from the lateral grid were accurately measured ( fig. 2) . The sagittal and transverse diameters of the chest in the aortograms were similarly measured. The distance from the midpoint of the descending aorta to the lateral chest wall (h) and to the posterior chest wall (I) were also determined from the aortograms. The true aorta-film distances in the anteroposterior and in the lateral planes were derived" and radiographic magnification of the aorta in either plane was determined from the standard correction curve ( fig. 1) .
Results Aortographic Findings
The abnormal pulsatile flow in aortic insufficiency is clearly demonstrated in the aortogram ( fig. 3) . The opacified column of *To determine the aorta-to-film distance ( fig. 2) . By dividing this area by the average diameter of the segment, the length of a rectangle with the same surface area is obtained. From the average diameter of the aortic segment, the mean circular area of the aorta is also derived. By multiplying this area by the "corrected" length of the aortic segment, (which is equivalent to the length of the theoretical rectangle), the volume of the aortic segment is obtained.* As demonstrated in figure 5 , The striking diminution in the diameter of the aorta simultaneously with the centripetal movement of the blood column refutes Stewart 's original concept that the reflux volume in aortic insufficiency is small, and that the collapse of the pulse is due to reflex vasodilatation of the systemic vessels.10 Rather, it illustrates Wigger 's contention, which is well accepted today, that the abnormal fall in the diastolic pressure is due to the regurgitation." These abnormal expansile movements of the aorta illustrate the typical waterhammer pulse in this entity. We do not need to take into account the possible influence of atherosclerosis on aortic distensibility in our group of patients.
The volume of regurgitation in aortic insufficiency has long been a matter of speculation. Braunwald and Morrow' are based on the same principle. They consist essentially of injecting a dyeindicator substance at various levels of the descending aorta and simultaneously deterCirculation. Volume XXIII, February 1961 mining the dye concentration in the femoral artery and left radial artery,2 or in the right ear lobe by means of continuously recording oximeters.' In the absence of aortic insufficiency, the dye is not detected in the radial artery or at the ear lobe during its primary circulation as long as the site of injection is below the level of the arch. In aortic insufficiency the lowest level in the descending aorta, from which the indicator substance is recovered into the brachiocephalic vessels, represents the inferior level of the blood column that returns centrally into the arch or ascending aorta during diastole. With varying degrees of aortic regurgitation, these levels also vary. The volume of aortic regurgitation that represents a fraction of the total aortic compartment is derived from the estimated total aortic volume. The indicator-dilution methods described by Korner Figure 6b Aortograms of the same patient taken after the inijec(tion2 of the contrast substance is completed. The "pseudocentripetal" phenomenon is no loniger observed and only a forward movement of the contrast substance exists (D, F, and F). on the same patient would be ideal for this type of investigation. Summary A technic of performing retrograde aortography for the study of aortic insufficiency is presented. The aortograms demonstrate the abnormal expansile movements of the aorta, and the to-and-fro motion of the opacified vascular column in the proximal portion of the aorta with systole and diastole. These phenomena were not observed in patients without aortic insufficiency. A method for calculatina the stroke volume and the volume of regurgitation from these aortograms is presented.
